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PROBLEM TO BE SOLVED: To obtain a magnetic recording 
medium which has superior electromagnetic conversion 
characteristic and is suitable for high density recording. 
SOLUTION: The magnetic recording medium has at least an 
orientation adjusting layer, a non-magnetic base layer, a 
magnetic layer and a protective film in that order on a glass 
substrate having streaks on its surface. The orientation 
adjusting layer is formed to include one or more kinds of 
metals selected from Co, Ni and Fe and one or more kinds of 
metals selected from W, Mo, Ta and Nb. Moreover, the 
orientation adjusting layer is formed to include at least one 
alloy selected from a Co-W system alloy, a Co-Mo system 
alloy, a Co-Ta system alloy, a Co-Nb system alloy, a Ni-Ta 
system alloy, a Ni-Nb system alloy, an Fe-W system alloy, a 
Fe-Mo system alloy and a Fe-Nb system alloy. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 Th ' s document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
. 3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] : 
[Claim 1] 

The magnetic-recording medium characterized by including any one or more kinds by which said orientation 
adjustment layer is chosen from Co, nickel, and Fe on the glass substrate which has a striation on a front face 
in the magnetic-recording medium which has an orientation adjustment layer, a nonmagnetic substrate layer, a 
magnetic layer, and a protective coat in this order, and any one or more kinds chosen from W Mo Ta and 1Mb 
[Claim 2] f 

The magnetic-recording medium according to claim 1 characterized by said orientation adjustment layer 
containing at least one alloy chosen from a Co-W system alloy, a Co-Mo system alloy, a Co-Ta system alloy, a 
Co-Nb system alloy, a nickel-Ta system alloy, a nickel-Nb system alloy, a Fe-W system alloy, a Fe-Mo system 
alloy, and a Fe-Nb system alloy. 
[Claim 3] 

The magnetic-recording medium according to claim 1 or 2 by which thickness of said orientation adjustment 
film is characterized by being within the limits of 1 0A - 300A. 
[Claim 4] 

A magnetic-recording medium given in any 1 term of claims 1-3 to which said glass substrate is characterized 
by being amorphous glass. 
[Claim 5] 

A magnetic-recording medium given in any 1 term of claims 1-4 to which linear density of said striation is 
characterized by being more than 7500 (mm/). 
[Claim 6] 

A magnetic-recording medium given in any 1 term of claims 1-5 to which the magnetic anisotropy 
characteristic (holding power/radial holding power of a circumferencial direction) of a magnetic layer is 
characterized by being 1.05 or more. 
[Claim 7] 

A magnetic-recording medium given in any 1 term of claims 1-6 to which the magnetic anisotropy 
characteristic (the amount of residual magnetization of a circumferencial direction the amount of residual 
magnetization / radial) of the amount of residual magnetization is characterized by being 1.05 or more 
[Claim 8] 

A magnetic-recording medium given in any 1 term of claims 1-7 characterized by said nonmagnetic substrate 
layer containing Cr layer or Cr alloy layer containing one or more sorts chosen from Ti, Mo, aluminum, Ta W 
nickel, B, Si, and V. 
[Claim 9] 

A magnetic-recording medium given in any 1 term of claims 1-8 characterized by a magnetic layer containing 
any one or more sorts chosen from a Co-Cr-Pt system alloy, a Co-Cr-Pt-Ta system alloy, a Co-Cr-Pt-B 
system alloy, and a Co-Cr-Pt-B-Y system alloy (Y is Ta or Cu.). 
[Claim 10] 

The magnetic recorder and reproducing device which equipped a magnetic-recording medium and a magnetic- 
recording medium given in any 1 term of claims 1-9 with the magnetic head which carries out record playback 
of the information. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the manufacture approach of a magnetic-recording medium and a magnetic-recording 

medium and magnetic recorder and reproducing device which are used for a hard disk drive unit etc. 

[0002] 

[Description of the Prior Art] 

The recording density of the hard disk drive unit (HDD) which is one sort of a magnetic recorder and 
reproducing device is increasing at an annual rate of 60% now, and it is said that the inclination will continue. 
Development of the head for magnetic recording suitable for high recording density and development of a 
magnetic-recording medium are furthered. 
[0003] 

High recording density-ization is demanded and, as for the magnetic-recording medium used for a hard disk 
drive unit, improvement in coercive force and reduction of a medium noise are called for in connection with 
this. 
[0004] 

As a magnetic-recording medium used for a hard disk drive unit, the structure which carried out the laminating 
of the metal membrane to the substrate for magnetic-recording media by the sputtering method is in use. As a 
substrate used for a magnetic-recording medium, the aluminum substrate and the glass substrate are used 
widely. The nickel-P system alloy film is formed by electroless deposition at the thickness of about 10 
micrometers on the base of the aluminum-Mg alloy which carried out mirror polishing to the aluminum 
substrate, and mirror plane finishing of the front face is carried out further. There are two kinds of glass 
substrates, amorphous glass and glass ceramics. That both of the glass substrates carried out [ that ] mirror 
plane finishing is used. 
[0005] 

In the magnetic-recording medium for hard disk drive units used for the current general target, on the 
nonmagnetic substrate, sequential membrane formation of nonmagnetic substrate layers (a nickel-aluminum 
system alloy, Cr, Cr system alloy, etc.), nonmagnetic interlayers (Co-Cr, Co-Cr-Ta system alloy, etc.), 
magnetic layers (Co-Cr-Pt-Ta, Co-Cr-Pt-B system alloy, etc.), and the protective coats (carbon etc.) is 
carried out, and the lubricating film which consists of a fluid lubrication agent on it is formed. 
[0006] 

What has a good magnetic parametric performance by considering as a magnetic-recording medium with the 
magnetic anisotropy of a circumferencial direction is called for with the raise in the recording density of a 
magnetic disk drive etc. Therefore, the magnetic-recording medium using the substrate (it is also called an 

aluminum substrate".) which plated NiP to current and an aluminium alloy is giving the magnetic anisotropy to 
the circumferencial direction by what a slot is mechanically put into a NiP front face for at a circumferencial 
direction (it is called "mechanical texture processing".). 
[0007] 

On the other hand, since a nonmagnetic substrate, for example, a glass substrate, has the rigidity excellent in 
shock resistance and it has the outstanding surface smoothness, it can be called nonmagnetic substrate 
suitable for high recording density. If the magnetic anisotropy of a circumferencial direction can be given to 
the magnetic-recording medium which used glass for the nonmagnetic substrate, it is expected that the 
outstanding magnetic parametric performance will be acquired. 
[0008] 

Mechanical texture processing is performed to a glass substrate, and some approaches of forming a texture 
' striation are learned. For example, in order to form a detailed and uniform texture striation, using the textile- 
fabrics tape which consists of abrasive grain suspension containing the solution which has a hydroxyl group, 
and a plastic fiber is proposed (for example, patent reference 1 reference.). 
[0009] 

Moreover, in order to form a detailed and uniform texture striation, using a diamond abrasive grain and Ce02 

abrasive grain together is proposed (for example, patent reference 2 reference.). 

[0010] 

However, it is difficult for a glass substrate to give magnetic anisotropy sufficient by having just formed the 
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texture striation for a circumferencial direction. Therefore, in order that a Rhine-like texture may give the 
magnetic anisotropy of a circumferencial direction to the glass substrate formed in the front face, making the 
amorphous layer which contains nickel and P at least by the spatter form is proposed (for example, patent 
reference 3 reference.). 
[0011] 

[Patent reference 1] 

The patent No. 3117438 specification 

[0012] 

[Patent reference 2] 

U.S. Pat. No. 6248395 specification 

[0013] 

[Patent reference 3] 

JP,2001-209927,A 

[0014] 

[Problem(s) to be Solved by the Invention] 

Making the amorphous layer which contains nickel and P in the glass substrate with which the texture striation 
was formed at least form is an attempt which makes the same situation as the aluminum substrate with which 
NiP was plated. A magnetic anisotropy is discovered when sequential formation of Cr system substrate film, 
Co system magnetic layer, and the protective coat is carried out by this approach. However, when the 
amorphous layer which contains nickel and P at least is used, taking out high holding power and an angle-of- 
elevation mold ratio cannot acquire a difficult good magnetic parametric performance. 
[0015] 

This invention is made in view of the above-mentioned situation. A striation is in this invention with the glass 
substrate formed in the front face, and it aims at offering a magnetic-recording medium and its manufacture 
approach with a good magnetic parametric performance, and a magnetic recorder and reproducing device by 
the high holding power which has the magnetic anisotropy of a circumferencial direction, and the angle-of- 
elevation mold ratio. 
[0016] 

[Means for Solving the Problem] 

this invention person etc. completed header this invention for the ability of the property of a magnetic 
recorder and reproducing device to be improved by using the alloy layer which consists of any one or more 
kinds of components chosen as an orientation adjustment layer from Co, nickel, and Fe, and any one or more 
kinds of components chosen from W, Mo, Ta, and Nb, as a result of carrying out efforts examination 
wholeheartedly, in order to solve the above-mentioned problem. That is, this invention relates to below 
[0017] 

(1) The magnetic-recording medium characterized by including any one or more kinds by which said orientation 
adjustment layer is chosen from Co, nickel, and Fe on the glass substrate which has a striation on a front face 
in the magnetic-recording medium which has an orientation adjustment layer, a nonmagnetic substrate layer, a 
magnetic layer, and a protective coat in this order, and any one or more kinds chosen from W, Mo, Ta, and Nb. 
[0018] 

(2) A magnetic-recording medium given in (1) characterized by said orientation adjustment layer containing at 
least one alloy chosen from a Co~W system alloy, a Co-Mo system alloy, a Co-Ta system alloy, a Co-Nb 
system alloy, a nickel-Ta system alloy, a nickel-Nb system alloy, a Fe-W system alloy, a Fe-Mo system alloy, 
and a Fe-Nb system alloy. 

[0019] 

(3) (1) to which thickness of said orientation adjustment film is characterized by being within the limits of 10A 

- 300A, or a magnetic-recording medium given in (2). 
[0020] 

(4) A magnetic-recording medium given in any 1 term of (1) - (3) to which said glass substrate is 
characterized by being amorphous glass. 

[0021] 

(5) A magnetic-recording medium given in any 1 term of (1) - (4) to which linear density of said striation is 
characterized by being more than 7500 (mm/). 

[0022] 

(6) A magnetic-recording medium given in any 1 term of (1) - (5) to which the magnetic anisotropy 
characteristic (holding power/radial holding power of a circumferencial direction) of a magnetic layer is 
characterized by being 1.05 or more. 

[0023] 

(7) A magnetic-recording medium given in any 1 term of (1) - (6) to which the magnetic anisotropy 
characteristic (the amount of residual magnetization of a circumferencial direction the amount of residual 
magnetization / radial) of the amount of residual magnetization is characterized by being 1.05 or more. 
[0024] 

(8) said — nonmagnetic — a substrate — a layer — Cr — a layer — or — Ti — Mo — aluminum — Ta — W 

— nickel — B — Si — and — V — from — choosing — having — one — a sort — more than — containing - 
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- Cr — an alloy layer — containing — things — the description — ** — carrying out — ( — one — ) - ( — 

seven — ) — some — one — a term — a publication — magnetic recording — a medium . 

[0025] 

(9) A magnetic-recording medium given in any 1 term of (1) - (8) characterized by a magnetic layer containing 
any one or more sorts chosen from a Co-Cr-Pt system alloy, a Co-Cr-Pt-Ta system alloy, a Co-Cr-Pt-B 
system alloy, and a Co-Cr-Pt-B-Y system alloy (Y is Ta or Cu.). 

[0026] 

(10) Magnetic recorder and reproducing device which equipped a magnetic-recording medium and a magnetic- 
recording medium given in any 1 term of (1) - (9) with the magnetic head which carries out record playback of 
the information. 

[0027] 

[Embodiment of the Invention] 

The magnetic-recording medium of this invention is characterized by including any one or more kinds by which 
an orientation adjustment layer is chosen from Co, nickel, and Fe on the glass substrate which has a striation 
on a front face in the magnetic-recording medium which has an orientation adjustment layer, a nonmagnetic 
substrate layer, a magnetic layer, and a protective coat in this order, and any one or more kinds chosen from 
W, Mo, Ta, and Nb. 
[0028] 

Drawing 1 shows typically 1 operation gestalt of the magnetic-recording medium of this invention, in the 
orientation adjustment film and 3 t a nonmagnetic substrate layer and 4 show a magnetic layer, and, as for 1, 5 
shows [ a glass substrate and 2 ] a protective coat. 
[0029] 

As glass used for a glass substrate 1, there are amorphous glass and glass ceramics and general-purpose soda 
lime glass, alumino way silica glass, and alumino silicate glass can be used as amorphous glass. Moreover, 
lithium system glass ceramics can be used as crystallization glass. When amorphous glass with uniform 
physical properties, such as a degree of hardness, is used especially, since uniform texture processing can be 
performed to a front face, it is desirable. 
[0030] 

A striation is formed in a front face by mechanical texture processing by the wrapping tape and loose grain 
which used bonded abrasive for the glass substrate 1 etc. As for the striation formed in glass substrate 1 front 
face, it is desirable that it is a thing in alignment with a substrate circumferencial direction. As for surface 
average-of-roughness-height Ra of the glass substrate 1 with which the striation was formed in the front face, 
it is preferably desirable to consider as within the limits of 0.2nm - 0.8nm (2A - 8A) 0.1 nm - 1nm (1 A - 10A). 
[0031] 

A glass substrate 1 becomes it smooth that surface average-of-roughness-height Ra is less than 0.1 nm too 
much, and the effectiveness which raises the magnetic anisotropy of a magnetic film 4 fades. Moreover, if 
surface average-of-roughness-height Ra exceeds 1nm, the smooth nature on the front face of a medium 
becomes low, a glide height property will fall and it will become difficult to make premature start height of the 
magnetic head low at the time of record playback. 
[0032] 

As for the front face of a glass substrate 1, it is desirable that linear density has the striation more than 7500 
(mm/). Linear density is measured to radial [ of a glass substrate ]. Linear density carried out to more than 
7500 (mm/) because the effectiveness of a striation was reflected by a magnetic property (for example, the 
improvement effectiveness of coercive force.), and the magnetic parametric performance (for example, the 
improvement effectiveness of SNR (Signal to Noise Ratio) and PW50.). If linear density has the striation more 
than 20000 (mm/) still more preferably, above-mentioned effectiveness will become much more remarkable. 
[0033] 

In addition, the upper limit of linear density is 200000 (mm/). If linear density exceeds 200000 (mm/), the line 
spacing of a striation will become less than 50A, the direction of the particle size of a nonmagnetic substrate 
layer will become large, and the magnetic anisotropy of a magnetic-recording medium will be reduced. 
[0034] 

As for a striation. it is desirable to mainly have the circumferencial direction to a substrate. Here, a striation 
has the shape of surface toothing within the limits (preferably within the limits of 0.05nm - 10nm.) whose 
distance of the height between a crest and a trough is 0.02nm - 20nm in a radial cross section. It is because 
the magnetic anisotropy by the shape of toothing of the front face of this range is effective in improvement in 
a magnetic parametric performance. Moreover, since irregularity is too large, the striation exceeding 20nm has 
a possibility of affecting the homogeneity of a nearby striation. 
[0035] 

As for a striation, it is desirable to form by mechanical texture processing by the wrapping tape and loose 

grain which used bonded abrasive etc. 

[0036] 

The linear density of a striation is AFM (Atomic Force Microscope.) as a measuring device. The product made 

from Degital Instrument (U.S.) can be used. 

[0037] 
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The Measuring condition of linear density is performed as follows. 1Hz and a measurement size make to 256, 
and scanning width of face makes the mode tapping mode for 1 micrometer and a scanning rate. A probe is 
scanned to radial [ of the glass substrate which is a sample ], and the scanning image of AFM is obtained. 
Plane FitAuto processing which is one of the data smoothing is carried out to the X-axis and a Y-axis to a 
Scan image, using the degree of Flatten Order as 2, and smoothing amendment of an image is performed. The 
linear density of the range is computed by setting up the box of 0.5 micrometers of about 0.5 micrometerx 
abbreviation to an image [ finishing / smoothing amendment ]. Linear density computes the total of a zero 
crossing which met both X shaft axis and Y shaft axis by converting it into per mm. That is, linear density 
serves as a crest of the texture striation per 1 mm of radial, and the number of troughs 
[0038] ' 

Each part within a sample side is measured and it asks for the average of the measured value, and standard 
deviation. It considers as the linear density of the striation of a glass substrate with the average. The number 
of a measurement part can be made into the number which can ask for the average and standard deviation. 
For example, a measurement size can be made into ten points. Moreover, since measurement outlying 
observation can be removed if it asks for the average and standard deviation by eight except the maximum of 
them, and the minimum value, the accuracy of measurement can be raised 
[0039] 

The orientation adjustment film 2 is for preparing the crystal stacking tendency of the nonmagnetic substrate 
film 3 formed right above, adjusting the crystal stacking tendency of the magnetic film 4 further formed on it, 
and raising the magnetic anisotropy of the circumferencial direction of a magnetic film 4. Moreover, the 
orientation adjustment film 2 not only adjusts a crystal stacking tendency, but functions as grain-refining film 
which makes detailed crystal grain in the nonmagnetic substrate film 3 and a magnetic film 4. 
The alloy layer which consists of any one or more kinds of components chosen from Co, nickel, and Fe and any 
one or more kinds of components chosen from W, Mo, Ta, and Nb can be used for the orientation adjustment 
film 2. 
[0040] 

Especially the presentation of the alloy layer used for the above-mentioned orientation adjustment film 2 is 
not limited. However, preferably, the sum total content of Co, nickel, and Fe is within the limits which is 25at 
(s)% - 70at%, and it is desirable that it is within the limits whose sum total content of W, Mo, Ta, and Nb is 30at 
(s)% - 75at%. Less than [ 25at% ] reduces holding power rather than as for the sum total content of Co, nickel, 
and Fe, it is enough as the crystal orientation of a nonmagnetic substrate layer, the sum total content of Co, 
nickel, and Fe — 70at(s)% — if it exceeds, the orientation adjustment film is not desirable with magnetization. 
Less than [ 30at% ], the magnetic anisotropy of the circumferencial direction of a magnetic film will fall [ the 
sum total content of Mo, Ta, and Nb ]. If the sum total content of Mo, Ta, and Nb exceeds 75at(s)%, the crystal 
orientation of a nonmagnetic substrate layer will reduce holding power rather than will be enough 
[0041] 

It is desirable to use at least one alloy layer more preferably chosen as the above-mentioned orientation 
adjustment film 2 from a Co-W system alloy, a Co-Mo system alloy, a Co-Ta system alloy, a Co-Nb system 
alloy, a nickel-Ta system alloy, a nickel-Nb system alloy, a Fe-W system alloy, a Fe-Mo system alloy, and a 
Fe-Nb system alloy. Using alloys including Fe7W6 structure, such as this invention person, by efforts 
wholeheartedly found out raising the magnetic anisotropy of the circumferencial direction of a magnetic film 
more. The presentation range of these alloy layers is effective in order for containing Fe7W6 structure 25% or 
more to raise the magnetic anisotropy of the circumferencial direction of a magnetic film more. That is, 30at 
(s)% - 85at% of the presentation range of W of a CoW system alloy is desirable. 30at(s)% - 85at% of the 
presentation range of Mo of a CoMo system alloy is desirable. 38at(s)% - 65at% of the presentation range of Ta 
of a CoTa system alloy is desirable. 37at(s)% - 86at% of the presentation range of Nb of a CoNb system alloy is 
desirable. 38at(s)% - 63at% of the presentation range of Ta of a NiTa system alloy is desirable. 31at(s)% - 
86at% of the presentation range of Nb of a NiNb system alloy is desirable. 37at(s)% - 86at% of the presentation 
range of W of a Fe-W system alloy is desirable. 35at(s)% - 85at% of the presentation range of Mo of a Fe-Mo 
system alloy is desirable. 40at(s)% - 86at% of the presentation range of Nb of a Fe-Nb system alloy is 
desirable. 
[0042] 

Even when a Co-W system alloy, a Co-Mo system alloy, a Co-Ta system alloy, a Co-Nb system alloy, a 
nickel-Ta system alloy, a nickel-Nb system alloy, a Fe-W system alloy, a Fe-Mo system alloy, and a Fe-Nb 
system alloy are independent respectively, a property is demonstrated and discovers a property with the same 
said of the alloy with which these some combined. For example, a property with the same said also of a Co-W- 
Mo system alloy, a Co-nickel-Nb system alloy, and a Co-W-Mo-Ta system alloy is discovered 
[0043] 

The thickness of the orientation adjustment film in this invention has desirable things in it being within the 
limits of 10A - 300A. Less than 10A of the thickness of the orientation adjustment film reduces holding power 
by it rather than it is enough as the crystal orientation of a nonmagnetic substrate layer. If the thickness of 
the orientation adjustment film exceeds 300A, the magnetic anisotropy of the circumferencial direction of a 
magnetic film will fall. Still more preferably, the thickness of the orientation adjustment film has the desirable 
direction which is within the limits of 20A - 100A in order to raise the magnetic anisotropy of the 
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circumferencial direction of a magnetic film. 
[0044] 

The element which has auxiliary effectiveness may be added on the orientation adjustment film in this 
invention. As an alloying element, Ti, V, Cr, Mn, Zr, Hf, Ru, B, aluminum, Si, P, etc. are illustrated. As for the 
sum total content of an alloying element, it is desirable that it is less than [ 20at% ]. If sum total content 
exceeds 20at(s)%, the effectiveness of the above-mentioned orientation adjustment film will fall. It is 0.1at% 
and, less than [ 0.1 at% ], as for the minimum of a sum total content, the content of the effectiveness of an 
alloying element is lost. 
[0045] 

It is desirable to use Cr alloy layer which turns into the nonmagnetic substrate layer 3 from Cr layer, one sort 

chosen from Cr, and Ti, Mo, aluminum, Ta, W, nickel, B, Si and V, or two kinds or more. 

[0046] 

It is desirable from the point of the improvement in a SNR property of a magnetic-recording medium to add 
Mo, W, V, Ti, etc. like Cr-Mo, Cr-W, Cr-V, and a Cr-Ti system alloy, to extend the lattice constant of Cr, and 
to make it Co alloy and the lattice constant of a magnetic layer match in Cr layer, since the lattice constant is 
small. 
[0047] 

Adding B to above-mentioned Cr layer or above-mentioned Cr alloy layer has effectiveness in crystal 
detailed-ization, and it is desirable from the point of the improvement in a SNR property of a magnetic- 
recording medium. 
[0048] 

As for the crystal orientation of Cr layer of the nonmagnetic substrate layer 3, or Cr alloy layer, it is desirable 
to make a field (100) into a priority orientation side, consequently, the crystal orientation of Co alloy of the 
magnetic layer formed on the nonmagnetic substrate layer — more — being strong (11-0) — since it is 
shown, a magnetic property, for example, the improvement effectiveness of holding power (He), and record 
reproducing characteristics, for example, the improvement effectiveness of SNR, are acquired. 
[0049] 

In addition, the abbreviation of the Myra-BURABE-characteristic as which "-" in a crystal-face notation 
expresses the crystal face is shown. That is, although hexagonal system like Co usually (hkil) expresses it as 
four characteristics to expressing the crystal face, "i" is defined as i=- (h+k) in this, and it is written as (hk-l) 
in the format which omitted the part of this "i." 
[0050] 

A magnetic layer 4 is Co alloy which used as the main raw material Co which a grid matches with the field 
(100) of a nonmagnetic substrate layer [ directly under ] well enough, and considering as the ingredient which 
is hep structure is desirable. For example, it is desirable that any one sort chosen from a Co-Cr-Ta system, 
the Co-Cr-Pt system, the Co-Cr-Pt-Ta system, the Co-Cr-Pt-B-Ta system, and the Co-Cr-Pt-B-Cu 
system alloy shall be included. 
[0051] 

For example, in the case of a Co-Cr-Pt system alloy, it is desirable [ the content of Cr / the content of Pt ] 
from the point of the improvement in SNR to consider as 8at(s)% - 16at% of within the limits 10at(s)% - 25at% 
of within the limits. 
[0052] 

For example, in the case of a Co-Cr-Pt-B system alloy, it is desirable [ the content of Cr / the content of 
Pt ] 8at(s)% - 16at% of within the limits from the point of the improvement in SNR to make the content of B 
into 1at% - 20at% of within the limits 10at(s)% - 25at% of within the limits. 
[0053] 

For example, as for the content of Pt, in the case of a Co-Cr-Pt-B-Ta system alloy, it is desirable [ the 
content of Cr / 8at(s)% - 16at% of within the limits ] 10at(s)% - 25at% of within the limits from the point of the 
improvement in SNR that the content of B makes the content of Ta 1at% - 4at% of within the limits 1at% - 
20at% of within the limits. 
[0054] 

For example, as for the content of Pt, in the case of a Co-Cr-Pt-B-Cu system alloy, it is desirable [ the 
content of Cr / 8at(s)% - 16at% of within the limits ] 10at(s)% - 25at% of within the limits from the point of the 
improvement in SNR that the content of B makes the content of Cu 1at% - 4at% of within the limits 2at(s)% - 
20at% of within the limits. 
[0055] 

Although the thickness of a magnetic layer 4 is satisfactory from a viewpoint of heat fluctuation if it is 15nm 
or more, it is desirable that it is 40nm or less from the demand to high recording density. It is because the 
diameter of crystal grain of a magnetic layer will increase and desirable record reproducing characteristics will 
not be acquired, if 40nm is exceeded. A magnetic layer is good also as multilayer structure, and can make the 
ingredient the combination which used any which are chosen from the above they were. When it considers as 
multilayer structure, as for right above [ of a nonmagnetic substrate layer ], it is desirable from the point of an 
improvement of a SNR property of record reproducing characteristics that it is what consists of a Co-Cr-Pt- 
B-Ta system alloy, a Co-Cr-Pt-B-Cu system alloy, or a Co-Cr-Pt-B system alloy. As for the maximum upper 
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layer, it is desirable from the point of an improvement of a SNR property of record reproducing characteristics 

that it is what consists of a Co-Cr-Pt-B-Cu system alloy or a Co-Cr-Pt-B system alloy. 

[0056] 

It is desirable to prepare a nonmagnetic interlayer between the nonmagnetic substrate layer 3 and a magnetic 
layer 4 as a purpose which promotes the epitaxial growth of Co alloy. A magnetic property, for example, the 
improvement effectiveness of coercive force, and record reproducing characteristics, for example, the 
improvement effectiveness of SNR, are acquired. A nonmagnetic interlayer shall contain Co and Cr. When it 
considers as a Co-Cr system alloy, as for the content of Cr, it is desirable from the point of the improvement 
in SNR that it is 25at(s)% - 45at% of within the limits. As for a nonmagnetic interlayer* s thickness, it is 
desirable from the point of the improvement in SNR that it is within the limits of 0.5nm - 3nm. 
[0057] 

In order to improve heat demagnetization of magnetic-recording intermediation between the nonmagnetic 
substrate layer 3 and a magnetic layer 4, an antiferromagnetism binder course can also be prepared. An 
antiferromagnetism binder course is formed from a stabilization layer and a nonmagnetic binder course. A Co- 
Ru system alloy with magnetism, a Co-Cr system alloy, a Co-Cr-Pt system alloy, a Co-Cr-Pt-B system alloy, 
a Co-Cr-Ta system alloy, etc. can be used for a stabilization layer. It is desirable to use Ru for a nonmagnetic 
binder course. Since antiferromagnetism bond strength becomes the maximal value for it to be around 0.8nm, 
the thickness of Ru is desirable. 
[0058] 

When B is included in a magnetic layer 4, in near the boundary of a nonmagnetic substrate layer and a 
magnetic layer, it is desirable that Cr concentration [ in / in B concentration / the field beyond 1at% ] is less 
than [ 40at% ]. It is because it prevents Cr and B living together by high concentration, and generation of the 
covalent-bond nature compound of Cr and B can be suppressed as much as possible and the fall of the 
orientation in the magnetic layer by it can be prevented as a result. 
[0059] 

The ingredient which made the principal component the conventional well-known ingredient, for example, 
carbon, the simple substance of SiC, or them can be used for a protective coat 5. The thickness of a 
protective coat is desirable from reduction of a magnetic spacing when that it is within the limits of 1nm - 
10nm uses it in the state of high recording density, or the point of endurance. A magnetic spacing expresses 
the distance of the read/write component of a head, and a magnetic layer. A magnetic parametric 
performance improves, so that a magnetic spacing becomes narrow. In addition, since a protective coat exists 
between the read/write components and magnetic layers of a head, it becomes the factor which extends a 
magnetic spacing. 
[0060] 

On a protective coat 5, the lubricating layer which consists of fluorine system lubricant of a perfluoro 

polyether if needed can be prepared. 

[0061] 

As for the magnetic layer of the magnetic-recording medium of this invention, it is desirable to have the 
magnetic anisotropy characteristic (OR) which is 1.05 (1.1 or more [ Preferably ]) or more. A magnetic- 
anisotropy characteristic is expressed with (the holding power/radial holding power of a circumferencial 
direction). 
[0062] 

A magnetic property, for example, the improvement effectiveness of coercive force, and a magnetic parametric 
performance, for example, the improvement effectiveness of SNR and PW50, are acquired more as a 
magnetic-anisotropy characteristic is 1.05 or more. Although a magnetic anisotropy characteristic is defined 
as the holding power (He) of a circumferencial direction, and a ratio of radial He, since the holding power of a 
magnetic-recording medium formed high holding power, there is a thing for which the magnetic anisotropy 
characteristic was measured by slight lowness and which keep. 
[0063] 

In this invention, since it supplements with this point, the magnetic anisotropy characteristic of the amount of 
residual magnetization is also doubled and used. The magnetic anisotropy characteristic (MrtOR) of the 
amount of residual magnetization is defined by the ratio (Mrt/radial Mrt of a MrtOR= circumferencial direction) 
of the amount (Mrt) of residual magnetization of a circumferencial direction, and the radial amount (Mrt) of 
residual magnetization. A magnetic property, for example, the improvement effectiveness of coercive force, 
and a magnetic parametric performance, for example, the improvement effectiveness of SNR and PW50, are 
acquired more as the magnetic-anisotropy characteristic of the amount of residual magnetization is 1.1 or 
more more preferably 1.05 or more. 
[0064] 

In addition, ideally, the upper limit of the value of OR and MrtOR is the case where all the magnetic domains of 
a magnetic film turn to a circumferencial direction, and in this case, the denominator of a magnetic-anisotropy 
characteristic is set to 0, and it serves as infinity. 
[0065] 

VSM (Vibrating Sample Magnetometer) is used for measurement of a magnetic anisotropy characteristic and 
the magnetic anisotropy characteristic of the amount of residual magnetization. 
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[0066] 

Drayyina„2 shows the example of the magnetic. recorder and reproducing device which used the above- 
mentioned magnetic-recording medium. The magnetic recorder and reproducing device shown here is equipped 
with the magnetic head 22 which carries out record playback of the information, the head mechanical 
component 23 to which relative motion of this magnetic head 22 is carried out to the magnetic-recording 
medium 20, and the record regenerative-signal processor 24 at the medium mechanical component 21 which 
carries out the rotation drive of the magnetic-recording medium 20 and the magnetic-recording medium 20 of 
a configuration of being shown in drawing 1 , and the magnetic-recording medium 20. The record regenerative- 
signal processor 24 processes the data inputted from the outside, a record signal can be sent to the magnetic 
head 22, or can process the regenerative signal from the magnetic head 22, and can send data now outside. 
The head which has a GMR component not only using MR (magnetoresistance) component but the giant 
magneto-resistance (GMR) which used the anisotropy magneto-resistive effect (AMR) as a playback 
component etc., and was suitable for reliance quantity recording density can be used for the magnetic head 22 
used for the magnetic recorder and reproducing device of this invention 
[0067] 

moreover — since the magnetic-recording medium which performed and manufactured direct texture 
processing to the glass substrate is used for the magnetic recorder and reproducing device of this invention - 
- cheap — high — it is a recording density magnetic recorder and reproducing device. 
[0068] 

Moreover, in order for the magnetic recorder and reproducing device of this invention to reduce a spacing loss 
in addition to the magnetic parametric performance improving since the average of roughness height uses the 
magnetic-recording medium also with minute external waviness small small again, even if it uses a head in the 
state of low surfacing, an error property is a good magnetic recorder and reproducing device. 
[0069] 

According to the above-mentioned magnetic recorder and reproducing device, it becomes possible to 
manufacture the magnetic recorder and reproducing device suitable for high recording density 
[0070] 

Next, an example of the manufacture approach of this invention is explained. 
[0071] 

Since a striation goes into homogeneity more as a glass substrate when texture processing is performed, for 
example although both of amorphous glass and crystallization glass can be used, it is desirable to use 
amorphous glass. 
[0072] 

Things of a glass substrate are desirable in average surface roughness Ra being 1 nm or less preferably below 

2nm (20A). 

[0073] 

moreover, a front face is minute — it is desirable that a wave (Wa) is 0.3nm or less (preferably 0.25nm or 
less.). It is desirable for the flight stability of the magnetic head that which one [ at least ] surface average-of- 
roughness-height Ra of the chamfer of the chamfer section of an end face and a lateral portion uses a thing 
10nm or less (preferably 9.5nm or less.), very small — a wave (Wa) can be measured using the surface 
roughness measuring device P-12 (product made from KLM-Tencor) as the 80 micrometers [ of measuring 
range ] surface average of roughness height. 
[0074] 

Texture processing is performed on the surface of a substrate so that first the striation whose linear density 
is more than 7500 (mm/) on the surface of a glass substrate may be formed. For example, a texture is given to 
a circumferencial direction by mechanical processing (it is also called "mechanical texture processing".) which 
used bonded abrasive or/and a loose grain on the surface of the substrate so that the texture striation whose 
linear density is more than 7500 (mm/) on the surface of a glass substrate may be formed. For example, if 
push a polish tape, it is contacted on the surface of a substrate, the polish slurry containing a polish abrasive 
grain is supplied between a substrate and a polish tape and a substrate is rotated, texture processing by 
sending a polish tape to ** will be performed. Rotation of a substrate can be made into within the limits of 
200rpm - 1000rpm. The amount of supply of a polish slurry can be made into within the limits of those for part 
[ for 10ml/- ], and 100ml/. The feed rate of a polish tape can be made into within the limits of those for part 
[ for 1.5mm/- ], and 150mm/. Particle size of the abrasive grain contained in a polish slurry can be set to 0.05 
micrometers - 0.3 micrometers by D90 (particle-size value in case accumulation mass % is equivalent to 90 
mass %). Pressure of a tape can be made into within the limits of 1kgf-15kgf (9.8N-147N). It is desirable to set 
up these conditions so that linear density may form the texture striation more than 7500 (mm/) (preferably 
more than 20000 (mm/)). 
[0075] 

As for surface average-o^roughness-height Ra of the glass substrate 1 with which the texture striation was 
formed in the front face, it is preferably desirable to consider as within the limits of 0.2nm - 0.8nm (2A - 8A) 
0.1nm - 1nm (1A - 10A). 
[0076] 

Texture processing which added oscillation can be performed. Oscillation is actuation which makes radial [ of a 
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substrate ] rock a tape at the same time it runs the circumferencial direction of a substrate a tape. As for the 
conditions of oscillation, it is desirable that it takes a part for /- and 1200 times for a part for /60 times 
[0077] 

As the approach of texture processing, how linear density forms the texture striation more than 7500 (mm/) 
can be used, and the approach which used bonded abrasive in addition to the approach by the mechanical 
texture mentioned above, the approach using a fixed grinding stone, and the approach using laser processing 
can be used. 
[0078] 

The conditions of sputtering for forming the film are performed as follows, for example. The inside of the 
chamber used for formation is exhausted until a degree of vacuum becomes within the limits which is ten to 4 
Pa to ten to 7 Pa. A texture striation holds in a chamber the glass substrate formed in the front face, 
introduce Ar gas, it is made to discharge as gas for spatters, and spatter membrane formation is performed. At 
this time, the power to supply can obtain desired thickness by considering as within the limits of 0.2kW - 
2.0kW, and adjusting a charging time value and the power to supply. 
[0079] 

It is desirable to have the process which exposes the front face to an oxygen ambient atmosphere between 
the orientation adjustment film and a nonmagnetic substrate layer. As for the oxygen ambient atmosphere to 
expose, it is desirable to consider as the ambient atmosphere containing oxygen gas of 5x10 - 4 or more Pa. 
Moreover, what contacted the controlled atmosphere for exposure in water can also be used. Moreover, as for 
an exposure period, it is desirable to consider as within the limits of 0.5 seconds - 15 seconds. For example, it 
is desirable to make the orientation adjustment film expose into a drawing open air ambient atmosphere or an 
oxygen ambient atmosphere from the chamber after formation. Or it is also desirable to use the approach of 
not taking out from a chamber but making atmospheric air or oxygen introducing and exposing in a chamber. 
Since a complicated process which is taken out from a vacuum chamber does not need it, and especially the 
approach of making it expose within a chamber can be continuously processed including membrane formation 
of a nonmagnetic substrate layer and a magnetic layer as a series of membrane formation processes, it is 
desirable. In that case, it is desirable to consider as the ambient atmosphere in which a ultimate vacuum 
contains oxygen gas of 5x10-4 or more Pa in 10 - 6 or less Pa for example. In addition, although it is the 
upper limit of the oxygen gas pressure at the time of exposure by oxygen, and exposure in atmospheric 
pressure is also possible, it is good preferably to be referred to as 5x10-2 or less Pa. 
[0080] 

A glass substrate can raise the crystal stacking tendency of a nonmagnetic substrate layer and a magnetic 
layer by heating. As for whenever [ stoving temperature / of a glass substrate ], it is desirable that it is the 
range of 100 degrees C - 400 degrees C. Moreover, heating is [ after forming the orientation adjustment film ] 
more desirable. 
[0081] 

After forming a nonmagnetic substrate layer, a magnetic layer with 15nm - 40nm thickness is similarly formed 
by the sputtering method using the target for sputtering which consists of an ingredient of a magnetic layer. 
The target for sputtering can use what used as the raw material the thing containing any one sort chosen from 
a Co-Cr-Ta system, the Co-Cr-Pt system, the Co-Cr-Pt-Ta system, the Co-Cr-Pt-B-Ta system, and the 
Co-Cr-Pt-B-Cu system. For example, in the case of a Co-Cr-Pt system alloy, the content of Cr can make 
the content of Pt 8at(s)% - 16at% of within the limits 10at(s)% - 25at% of within the limits. For example, in the 
case of a Co-Cr-Pt-B-Ta system alloy, in the content of Pt, the content of B can make [ the content of Cr ] 
the content of Ta 1at% - 4at% of within the limits 2at(s)% - 8at% of within the limits 8at(s)% - 16at% of within 
the limits 16at(s)% - 24at% of within the limits. For example, in the case of a Co-Cr-Pt-B-Cu system alloy, in 
the content of Pt, the content of B can make [ the content of Cr ] the content of Cu 1at% - 4at% of within the 
limits 2at(s)% - 8at% of within the limits 8at(s)% - 16at% of within the limits 16at(s)% - 24at% of within the 
limits. 
[0082] 

Here, as for Cr of a nonmagnetic substrate layer, or the crystal orientation of Cr alloy, it is desirable to form 

as the priority orientation side shows (100). 

[0083] 

When preparing a nonmagnetic interlayer between a nonmagnetic substrate layer and a magnetic layer, it is 
desirable to use the target for sputtering which used the Co-Cr system alloy (the content of Cr 25at(s)% - 
45at% of within the limits.) as the raw material. When B is included in a magnetic layer at this time, in near the 
boundary of a nonmagnetic substrate layer and a magnetic layer, it is desirable to form membranes on spatter 
conditions from which Cr concentration [ in / in B concentration / the field beyond 1at% ] becomes less than 
[ 40at% ]. 
[0084] 

After forming a magnetic layer, a protective coat, for example, the protective coat which uses carbon as a 
principal component, is formed using a well-known approach, for example, the sputtering method, plasma-CVD 
methods, or those combination. 
[0085] 

Furthermore, on a protective coat, the fluorine system lubricant of a perfluoro polyether is applied using a dip 
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method, a spin coat method, etc. if needed, and a lubricating layer is formed 

[0086] 

[Example] 

(Example 1) 

a glass substrate — the Nippon Sheet Glass make — amorphous — glass GD-7 were used. The sizes of a 
glass substrate are the outer diameter of 65mm, the bore of 20mm, and 0.635mm of board thickness 
[0087] 

Mechanical texture processing was performed to the above-mentioned glass substrate. The conditions of 
mechanical texture processing are as follows. The abrasive grain contained in a slurry used the diamond 
abrasive grain whose D90 is 0.15 micrometers. The slurry was dropped for 2 seconds, before processing was 
started by part for 50ml/. The textile cloth made from polyester was used for the polish tape. Delivery of a 
polish tape was taken as a part for 75mm/. The rotational frequency of a disk was set to 600rpm. Rocking of a 
disk was considered as a part for /1 20 times. Pressure of a tape was set to 2.0kgKs) (19.6Ns). Floor to floor 
time could be 10 seconds. When the substrate front face was measured by AFM made from Degitallnstrument, 
the glass substrate which has the texture striation whose average-ol^roughn ess-height Ra is 4A, and whose 
linear density is 25000 [/mm ] was obtained. 
[0088] 

It set in [ after fully washing this substrate and drying ] DC magnetron sputtering equipment (product C3010 
made from Anelva (Japan)). After exhausting vacuum achievement to 2x10-7Torr (2.7x10 to 5 Pa), the target 
which consists of a Co-W alloy (Co:45at% and W:55at%) was also used as orientation adjustment film, and 1nm 
laminating was carried out in ordinary temperature. 
[0089] 

Then, the substrate was heated at 250 degrees C. Oxygen exposure was carried out for 5 seconds by 0.05Pa 
after heating. As a nonmagnetic substrate layer, 8nm laminating was carried out using the target which 
consists of a Cr-Ti-B alloy (Cr:83at% and Ti:15at% and B:2at%). 2nm laminating was carried out using the target 
which consists of a Co-Cr alloy (Co:65at% and Cr:35at%) as a nonmagnetic interlayer. The CoCrPtB alloy layer 
which is a magnetic layer was formed by 20nm thickness using the target which consists of a Co-Cr-Pt-B 
alloy (Co:60at% and Cr:22at% and Pt:12at% and B:6at%) as a magnetic layer, and the laminating of the 5nm 
(carbon) of the protective coats was carried out. Ar ** at the time of membrane formation was taken as 
3mTorr(s) (0.4Pa). 20nm of lubricant which consists of a perfluoro polyether was applied with the dip method, 
and the lubricating layer was formed. 
[0090] 

It is a read/write analyzer about the magnetic-recording medium which made the glide height of a test 
condition 0.4 microinches using glide circuit tester - after that, performed the glide test, and stood the test. - 
Record reproducing characteristics were investigated using RWA1632 (product made from GUZIK (U.S.)). 
Record reproducing characteristics measured the magnetic parametric performance of the half-value width 
(PW50) of a regenerative-signal output (TAA) and a solitary-wave playback output, SNR, the Ore baryte (OW), 
etc. The compound-die thin film magnetic-recording head which has a huge magnetic-reluctance (GMR) 
component in the playback section was used for evaluation of record reproducing characteristics. 
Measurement of a noise measured the integral noise from 1MHz to the 375kFCI equivalent frequency when 
writing in the pattern signal of 500kFCI(s). The playback output was measured by 250kFCI(s) and it computed 
as SNR=20xlog (integral noise from a playback output / 1MHz to 375kFCI equivalent frequency). The Kerr 
effect type magnetic-properties measuring device (RO1900, Hitachi Electronics Engineering (Japan) make) was 
used for measurement of coercive force (He) and a remanence ratio (S*). VSM (BHV-35, Riken electronic 
company (Japan) make) was used for measurement of a magnetic anisotropy characteristic (OR) and the 
magnetic anisotropy characteristic (MrtOR) of the amount of residual magnetization 
[0091] 

(Examples 2-33) 

The same processing as an example 1 was carried out except having carried out as an alloy presentation and 

thickness of the orientation adjustment film were shown in Table 1. 

[0092] 

(Example 34) 

As orientation adjustment film, the target which consists of a Co-W alloy (Co:45at% and W:55at%) was also 
used, and 5nm laminating was carried out in ordinary temperature. The antiferromagnetism binder course was 
prepared instead of the nonmagnetic interlayer. 2nm laminating also of the target which consists of a Co-Ru 
alloy (Co:80at% and Ru:20at%) was used and carried out to the stabilization layer. 0.8nm laminating also of the 
target which consists of Ru was used and carried out to the nonmagnetic binder course. The same processing 
as an example 1 was carried out except this. 
[0093] 

(Examples 1-33 of a comparison) 

The same processing as an example 1 was carried out except having carried out as not giving a mechanical 
texture to a glass substrate, and an alloy presentation and thickness of the orientation adjustment film were 
shown in Table 2. 
[0094] 
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(Examples 34~36 of a comparison) 

The same processing as an example 1 was carried out except having carried out as an alloy presentation and 

thickness of the orientation adjustment film were shown in Table 2. 

[0095] 

The result of the holding power (He) of examples 1-33 and the examples 1-36 of a comparison, a square shape 
ratio, a magnetic anisotropy characteristic (OR) and the magnetic anisotropy characteristic (MrtOR) of the 
amount of residual magnetization, and a magnetic parametric performance is shown in Table 1 and Table 2. 
Examples 1-7 show the inclination of the thickness of an orientation adjustment film Co-W system alloy 
(Co:45at% and W:55at%). The magnetic anisotropy of a good circumferencial direction is acquired in the range 
whose thickness is 25-300A, and the magnetic parametric performance is excellent. The magnetic anisotropy 
of a still better circumferencial direction is acquired in the range whose thickness is furthermore 25-1 00A, and 
the magnetic parametric performance is excelled. The alloy presentation of the orientation adjustment film was 
changed in the examples 8-30. The magnetic anisotropy of a good circumferencial direction is acquired with a 
Co-W system alloy, a Co-Mo system alloy, a Co-Ta system alloy, a Co-Nb system alloy, a nickel-Ta system 
alloy, the nickel-Nb system alloy, the Fe-W system alloy, the Fe-Mo system alloy, and the Fe-Nb system alloy, 
and record reproducing characteristics are excellent. The system alloy of 3 yuan was used for the orientation 
adjustment film in the examples 31-33. The magnetic anisotropy of a good circumferencial direction is 
acquired with the Co-W-Mo system alloy, the Co-W-Ta system alloy, and the Co-nickel-W system alloy, and 
the magnetic parametric performance is excellent. 
[0096] 

The alloy presentation of the orientation adjustment film of examples 1-33 was used for the examples 1-33 of 
a comparison using the glass substrate with which a texture striation is not formed in a front face. By that by 
which a texture striation is not formed in a front face and which is twisted, neither has discovered the 
magnetic anisotropy. It turns out that the magnetic parametric performance is also inferior as compared with 
an example. 
[0097] 

The examples 34-36 of a comparison used the nickel-P system alloy (nickel:80at% and P:20at%) for the glass 
substrate with which the texture striation was formed in the front face as orientation adjustment film. 
Although the magnetic anisotropy of a circumferencial direction is discovered, since holding power and the 
square shape ratio are low, the good magnetic parametric performance is not acquired. 
[0098] 
[Table 1] 
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[Effect of the Invention] 

In the magnetic-recording medium by which the magnetic-recording medium of this invention has at least the 
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glass substrate with which the striation was formed in the circumferencial direction, an orientation adjustment 
layer, a nonmagnetic substrate layer, a magnetic layer, and a protective coat in this order Since it is the 
magnetic-recording medium characterized by including the alloy layer which consists of any one or more kinds 
of components chosen as said orientation adjustment layer from Co, nickel, and Fe, and any one or more kinds 
of components chosen from W, Mo, Ta, and Nb The magnetic anisotropy of a circumferencial direction is 
discovered and a magnetic parametric performance improves. Consequently, the magnetic-recording 
intermediation suitable for high recording density is obtained. 
[Brief Description of the Drawings] 

[Drawing 1] The outline sectional view of the magnetic-recording medium of this invention is shown. 
[Drawing 2] The magnetic recorder and reproducing device using the magnetic-recording medium of this 
invention is shown. 
[Description of Notations] 

1 Glass Substrate 

2 Orientation Adjustment Film 

3 Nonmagnetic Substrate Layer 

4 Magnetic Layer 

5 Protective Coat 

20 Magnetic-Recording Medium 

21 Medium Mechanical Component 

22 Magnetic Head 

23 Head Mechanical Component 

24 Record Regenerative-Signal Processor 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

iQxawingJ.] The outline sectional view of the magnetic-recording medium of this invention is shown. 
[Drawing 2] The magnetic recorder and reproducing device using the magnetic-recording medium of this 
invention is shown. 
[Description of Notations] 

1 Glass Substrate 

2 Orientation Adjustment Film 

3 Nonmagnetic Substrate Layer 

4 Magnetic Layer 

5 Protective Coat 

20 Magnetic-Recording Medium 

21 Medium Mechanical Component 

22 Magnetic Head 

23 Head Mechanical Component 

24 Record Regenerative-Signal Processor 



[Translation done.] 
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* L < « , 0. 05nm~10nm<D©fflrt o ) C7) , ^®<^[H][{b7f2t£<^-£~efcSo r CD 

2 0nm£jg;i/c Iiaifb^^#^r^OT*3S^cD^^^i^-tt(^j^@^#x^^^ 
*X ri* fo 5 e 

[ 0 0 3 5 ] 50 
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ir *0 X ft if id J: 0 jS f 5 © # # * 
[ 0 0 3 6 ] 

# « <£> i& 3? ft IS , ^J^tf It, AFM (Atomi c Force Mi cr 
oscope 0 Deg i ta 1 Instrument^ (tKB) S3 ) SrfflV ,fc 3:ii:j6 s "C 

[ 0 0 3 7 ] 

n — AFMO^^r-y>®^^r#^ 0 F 1 a t ten Order(£>#;$:£2 10 

^ ITfift^I^Oirof fc5P 1 ane Fi t A u t o £ , S c a nliCS 

LTXtt£Ytt*fc*i8^TW»©¥»fbtt:E«:fr5. ?»ft!]E**oi«K»Lt, 
Jfi 0 . 5/xmX^O. 5 /* m©#y ^^SrRjtttt©«I^j||!B**!|[iatSo £1 SB * 
fiXitt»i Y*ti»©W*lCJBot«o«!6*©»ftSr 1 m m ^ 9 CllUItil 
t5c "T ft fc> , »**tt*8*lSllmma!)Of t-*«0|lJi:«©*i/i5. 
[ 0 0 3 8 ] 

ISi:t5:HK^5 9 fc £ £ Ji . JlSaill 0 jg i t 5 : t ^ t # 5, S rt: -t © 5 
[ 0 0 3 9 ] 

BB ft IE ^ Si 2 , H:±{c^^;$tLS^^ttTiteJK3(D^f 0 gH^]^?:Sx., 
Ki»J«$nfiHtttK40«f*BAtt«rliaEb. 8m^4<DRJl^ft<Da^J%;*tt£fti2£ 
*5fcft©totfc5. £*:EftIS«Bl2te, tt*ErtItt*rP«E-#-*«ltT?ft<, 

E ft P S R 2 K ft , Co, IX i & £ Xf F e ti* h m & tl S ft tit>> l ±<D tit & b W * M 

[ 0 0 4 0 ] 30 

±#!cDEftff|g^2 ^fflv^bixS^AJB^jftfiKttW^lfi^SiiS fc <z> "0 fit ft 0 L L , 

# * L < tt , Co, N iS(/F e^^|ftt$^2 5 a t%-7 0a t ffo 

, W , Mo, T a^t) ! Nb(0^ft^t$^3 0 a t % — 7 5a t % <D ® ffl F*9 "C £ ;i £ 3* 
S £ L 0 Co, N i RtfF e O^tf^t** 2 5 a t %*i-ett*8ttT»l<0«|fi 
fta* + #^ttft<«8f^S:iBT£-frSo Co, Ni&tfFe©^fr^*^#7 0at%jg 
ErSj»l«ElBdS«<bSr«FoTU4v^»4L<ftV^ 0 , Mo, TaRt/NbO^tf^ 
***53 0at%*Wt?«:, ^ttfi^RJS*[S)(OiK^S*tt^fiT LT t* 5 c Mo, T 
a^r/Nb^^ft^tf ?5>7 5 a t % S: « * 5 t T *■ ©ft ft E ft * + 14 4 < 

[ 0 0 4 1 ] 40 

±Jfi©ElRlBI«l»2^tt. <fc9#*L<tt:Co-W^'&&. Co-Mo^^^, Co-T 
a^£*&, Co-Nb^^&, Ni-Ta^^^, N i - N b ^ -g* & , F e - W 7k & A > 
Fe-Mo^^^, F e-Nb^^&<7)*a>^il^£;ftS4>ft< it 

5:i*a*Lv>, *#W#«a>«l*#afcJ:tK Fe7W6 t*-&& «r JB 5 £ 

t* s «ttBt<on«*fRKO«aa*ttS:J: 9 ft ± £ -tf: 5 r b £jt,v^fcLfc 0 r ft b 0> <fr ft J| 
<£> *1 /& © H F e 7W6ii§Jr2 5%«J2^*1-5-£^att^CDR^^ft<7>B^S^tt 
Sr<t«9lpJ±S*Sfc«)^S»»*Sfcao i" ft t> *> , CoWl^^(DW(DMjllli3 0a t 
%—85a t ^ LV> 0 CoMo|^4WMo(DfflS|||i30a t % — 8 5 a t% 

# # * L 0 CoTa|^4(OTa^)Mil[j:3 8a t%-6 5a t%^»Ul\ C 

o N b ^^ft<£> N b <£>*IJ&IEBlte3 7a t % ~~ 8 6 a t LV> 0 N i T a %k & ft <0 50 



JP 2004-86936 A 2004. 3. 18 



Ta<£>*§E5cffiBfcJ:3 8 a t % — 6 3 a t % # # * L . N 1 Nbm£*&<£>Nb<£>&aj&©B 
3 1 a t%—8 6 a t Ll>„ F e-W^^&<DW<D£&j£®Bl;i:3 7 a t%~8 

6 a t LV\ F e-Mo|^4^MoOaS®llj;3 5 a t % — 8 5 a t % # # 

^ IV> 0 Fe-Nb*^&<DNb<0*&ricffiHtt:4Oa t % — 8 6 a t tVN e 
[ 0 0 4 2 ] 

C o - W ^ ^ ^ , Co-Mo^^^. Co-Ta^^^, Co-NbX£>&« N i - T a 
^ 3* & , N i - N b ^ ^ & , F e - W^£*&, Fe-Mo^#&, Fe-Nb^^&te^ 

ix-Pix*l»-ct>#tttt«»i-5 L > :h&©^< o « * -fr S ofe^^f 

tt^riSt 6o 08 X. fi * Co-W-Mo^^^, Co-Ni-Nb^^^, Co-W-M 
o-Ta*^44 4fetlil«0»ttSr*«t5. 10 
[ 0 0 4 3 ] 

**^JC*5ltSiBlR)BISEfflt<OlRB[ttl 0 > ^ * S u — A ~ 3 0 0^->^^ h u — A (D © 

< f* , EfR]i9IR^e9il2 0^>^^ h u — A — l o 0 tf- > ^ ;* hn— AcojSHrtT^fc 
[ 0 0 4 4 ] 

*antc*Mt«EA)HSItK:r*, fflJJb Was Sr -5 tc^ Sr mm L X h A i*. mmytmt 

L T li T i , V, Cr, Mn, Zr, Hf, Ru, B, A 1 , Si, P ft if ifi M ^ S 5 20 

t % T* fc 9 , $ * ft A* 0 . 1 a t % 5fe tt 1? tt ttft 7C » 0 » « < ft S . 
[ 0 0 4 5 ] 

^SttTil3l:(j:C rf, * fc li . C r t T i , Mo, A 1 , T a , W, Ni. B, S 
i & £TJV h mfttl 5 lit L< f42liK±i^&45C r-fr&JlSr/H^Srfcasjf 

* L V> 0 
[ 0 0 4 6 ] 

Crl-Ctt#fSft#*S^O-C, Cr-Mo, Cr-W, C r - V , Cr-Ti^^^ 

ft if <D X 1 , Mo, W , V, Tiftif^^ADLTCr^^^^^^jrttf, 8£ /I O C o 30 

[ 0 0 4 7 ] 

ia^Crf, Sfctt, Cr^AICBtMtftrfctt, «f A fft Mi it i- $h * # fe 19 , « 
[ 0 0 4 8 ] 

^^ttTitiJl3^c r JB 4 fi c r^^io^iEfili, (1 0 0) ffi&ffiJtegElpjflSirf 
S LV*. *8ttT»io±l:»*LftIttioCo*4o«4Eft» 

± 0 » < (ii-o) t^-ro-e, «*tt4*ttfci *. (He) <Dfa±.&$k, mmn 

tWttflitfSNR©ft±»*##bil5. 40 
[ 0 0 4 9 ] 

tet>h . eSIiSfctocc o^i 5i^*fi^i?ii, il « (hk i 1) i: 4 o <t> m 

xmt>ir&^ r i j cuuttti = - ( h + k ) ijmstir*!), r <d r i j 

0»»«r«*Lfc»a-Cf4, (hk • l) tsst§ 0 
[ 0 0 5 0 ] 

Bttl4l^ tT^)*BttT«iO, M*. tf (10 0) ft t%$t\Z&<&*&^ y ? 

#J X. , Co-Cr-Ta^, Co-Cr-Pt^, Co-Cr-Pt-Ta^, C o - 
Cr-Pt-B-Ta^, Co-C r - P t - B - C u t> Stfhft 1 It 50 
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[ 0 0 5 1 ] 

0y^«. Co-Cr-Pt^^^(7)^-&, Cr<O-g-^ftttl0at%~2 5at%CD1 
ft , P t <£> <g* * ft 8 a t % <- 1 6 a t i t5«* S NRftiOjSi»&#i L 

[ 0 0 5 2 ] 

W *. tf , Co-Cr-P t-B^^^CO^^, Crtf>$*rittlOat%— 25at%0> 
ffi H f*3 > P t (^)$ti(i8 a t%^l 6 a t % <£> IS H F*3 , B <D ^ ^ ft ft 1 a t % — 2 0 a 
t % <£> SS m 1*9 t "T 5 <D & S NRfii©Ai>&8i IV\ 

[ 0 0 5 3 ] 10 

mitft, Co-C r-P t-B-Ta^^&cDit-g^ Cr^^tililOa t%-25a 
t % <£> f& ffl , P t (D^mmte 8 a t % — 1 6 a t % <D ® B f*9 N B^^tlli 1 a t%- 
20 a t % <D ® B ft , Ta(D^ttfj:l a t%—4a t %<^©Ift t t 5 S N R [fi]± 

[ 0 0 5 4 ] 

#U X . Co-C r - P t - B - C u^^^^I^, CrOSfiililOa t%-25a 
t P t <D & m ft « 8 a t % — 1 6 a t % <£> & B 1*3 , BO^f 1^2 a t % — 

20 a t %(^|5irt, CuO^^ftfSl a t % ^ 4 a t d: S NR[p]± 

[ 0 0 5 5 ] 20 

Itt|4 0B*lll5nmKitfcfltf|*6f©l/Si»6Bll4^#, i^lE^^S^ CD 

tts< , ^<7)#^te±fB<7)fta>a>ibStfH r 1 1* -t? 

# £ c *JH*J»fcLfc»-fr % *»ttT««<Oi«±tt. Co-C r-P t-B-Ta3R-fr£ 

* fc ( i C o - C r - P t-B-CuI^4tf:IKo-C r - P t - B3*-&&j&»e>fc5fc 
<*> "C *> 5 0> # , IE^cS^#ttO, SNR«fttO»i(0^^f,lijf4 m±!Ste. Co 
-Cr-P t - B- Cu|^4SfcliC o - C r-P t - B^&&frbteZ>t><DX*&>Z>(D 

[ 0 0 5 6 ] 30 

*i8ltTii3 titti4 ^ ^) ffl (c C o&&<DxLt 0 ?*Z/^ji'f&&&%}$:-tZ>B#)£ U 

*»Jx.tfSNR<ORl±8b** s »e>nS. ^ffittRiliC o . C r ^^tftOitS - 
-C#5o Co-Cr|^4Ht^Cr(D^#ili25a t % — 4 5a t % tf) B ft 
*)5^)^SNR|B]±(DjS^b»* LV^, ^itttfliOgSltO. 5 nm-3 nm(^il 

[ 0 0 5 7 ] 

SftSI-liBtttf LfcC o - Rul^4, Co-Cr^^^. Co-C r-P t^^^ 40 
, Co-C r-P t-B^^&, C o-C r - Ta*^44J?S:ffl^5:i#1?* 5„ # 
itt«^li:iiRutffl^5:i*ff4L^, R u <£> Bl J¥ ft 0 . 8 nmgitfc^iSa 

[ 0 0 5 8 ] 

a t%£Jl±<D««^*5JtSC r jg * 4 0 a t %KT i ft o t ^5 »J C r i: 

[ 0 0 5 9 ] 

ft 8 BE 5 ft % tt*<04**q*>*t*iK W jfc tf , * - # > , S i C^l|itt£fcte^nib£±/£# 50 
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k^tittn&&im-tZ>-kft-V%Z> 0 ftS^tf^JPtel n m ~ 1 Onm<D©Hl*9-?fc5<£> 

* tv\ m&&) x^< - ~> >> r b ^ y v v> v - v ? * vmi- trnttm t <nve.m$:%t-r 0 

&^W*^-^v^tfSSfc< & 5 fs & ft *3 # ^ Bite — ;/ K <0 y - 

[ 0 0 6 0 ] 

«SII»5±K«^Bte«C«^tf/<-7/U*na«!;3i-'9 l A'©ry*a5j||»a36»e,/j;Si| 
it S £ 3 i i ri* T- # 5 „ 
[ 0 0 6 1 1 

#3g0I<E>a^iegl:«&#<E>fl£teJitt. i. 0 5 « _b (J:0#£L<ttl. 1 ± ) 1? ife 5 10 
(OR) 5rtLt^5©i5S»iLl\ ttft A * ttffi ft 12 . ( R jq # (6] © « 

[ 0 0 6 2 ] 

^ & 4# & , #J X. tf S N R , PW5 0W|6ll«lIii|^5, S&SllftJS^ttJgftteR^SriS] 
<E> t£ 8f ;fj (He) t*I*|SiroHc©Jtt Ltti^JvSiiS, ^^IE^^#:W««f^i65ii5 

[ 0 0 6 3 ] 

* % w k ^ -c « , ro^4r*s-r5fc*tc ®mm.ikm<Dmfs.&}mjjmm%ct>-&t> j &x 

tfflts, ^WJKfkfiroa^WS^tt^m (Mr tOR) wu RJi;>7r6]<£>?§©e*ft;fi (M 20 

r t) i ¥ S * l»J <£> > ^ @ & ft S (Mr t) (Dit (Mr t OR = ni*^l«M r t / ¥ & 
*lSl©Mr t) -e^I^nS. ^gf®E^SO^^S^ttmm^5i. 0 5H1, ±0»tL 

<»*i. i«±T?fest. it)^^6<]#tt0tj^tf^a^»|p)±^)*, ii^$«tt, mz_ 

IfSNR, PW5 0©|S]±!aii J #?)ti5. 
[ 0 0 6 4 ] 

ORJjiVM r t ORfflfOiiB, S&lftl;:hi:®it£^<£>:£T<£>^E;asRJl;£|p]$r 
[ 0 0 6 5 ] 

BSSSS^Itit, *SiO«a«*flS*«)«ft«J*irtt»*«>«SfcHLVSM (V i b r a 
ting Sample Magnetometer) $r^ffl-?"-5o 30 
[ 0 0 6 6 ] 

mzit z>mftmm& 2 1 t . mn.mmm& 2 o»c«**:E»w±-*-5«ftt^3' k 2 2 t % 

K 2 2 £8£5t,fEii:j&{fc2 OlCJtL.Tffl^ilib^-fr.S^S' K IB ») gB 2 3 b , IB 
ftff4**»13R2 4 iSrflltt^S. ie®S4tl^*!!.l^ 2 4 li, ^gM><bA;>J$;ft,fc 
f-^*teH,TS2S(l^l:ia^ s/ K 2 2 IC i£ o fc •? , JK^^j/ K2 2A>?,CB4(f^ 

■ KffiV^m^y K2 2l:tt. ft £.m T b I, X (AMR) SrWfflL 

TtMR (ma gne t o r e s i s tanc e) $ fc* »t "C < » EABS^ffifctSb:*: (G 40 
MR) ^*UfflLfcGMR^^^if5r^LfcJ:'9ii5fS«i«aiCjiL./ci^>' K £ ffl 5 ~ <t # 

[ 0 0 6 7 ] 

ait, <om^.n»w±mmn . a ? * mm\zw.&T -mn & jsl t ®j jg l 

[ 0 0 6 8 ] 

* it . *^ww^Mi5^s^^a»i, ¥ ^ & s s < * ^ is /h 5 ^ 9 twh £ ^ & ie «a 
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[ 0 0 6 9 ] 

[ 0 0 7 0 1 

[ 0 0 7 1 ] 

#7^I«i: Lttt, T*:>\>7t*13v*, feikiktf 7 * <D k* % b h m\<^ Z Z t & $ Z> 

[ 0 0 7 2 ] 

*7^Sfitt, ¥^iIft^Ra^2nm (2 0^>^^hn-A) J^T, & J l< li 1 

[ 0 0 7 3 ] 

S fc , * iB » /h 5 fa 0 (Wa) ^0. 3 nmHT (cfc«9#3:L<te0. 2 5nmHT, 

^<^II¥^I^R a ^ i Onm&T (<t^^ K(i9. 5nm«To)<£>t<£>£r 
ffit^r t ^ffig-v^ K^lir$£ttic t ot»i tv\ m '> 5 fa 9 ( w a ) tt , 0*J * Ji 
> *ffiti«UIKlP - 1 2 (KLM-Tencorttfi) £ ffl W if Si 8 0 m mT* 

[ 0 0 7 4 ] 

* #3 lc , *?^S«0»ffli:«*** 7 5 0 0 (*/ m m ) a 1 "C fc 5 ** S: t 5 ± 
5 K , S*<&*ffifc:^*;*^*— JnxSrifc-r. #J * , #7^SfioiBi:I«S^7 5 

0 0 ( * / m m ) Klt^^f^f t-*«^r^^5i9i:, Sfi^iSCB^i 

Xfi t - r t (7) Pfl tc«f fc^tf Wig * 9 y - L T , S «* *r HI 

$ ^ 5 ^ ftC «F * — rSraH^^ir^i-S^^^^-Y — JDXSr*3r?i5o S«^te]^ 
(i 2 0 0 r pm— 1 000 r pm<7)®fflrtt1-3w£;^T*^3o W M * 7 V ~~ <£> tfc fi 

1 0m 1 / # - 1 0 Om 1 / 5><D«Hrti:i-5r4:as-C#5o WS^-^^^^jtS^. 
1. 5mm/»-l 5 0mm/»©|51ftit5:t*tS5 o 7 J - 
*£&O*£^{3:D9 0 (JR«It%*9 OJti%i:ffiat5l*^3fiai) "CO. O 5 ,z m ~ 
0. 3Mmiti:t#-ei5. f-^©ffLtttt*ttl k g f ^1 5k g f (9. 8 N 
-147N) (OBlfttt5:itft|5 0 i^«^ 7 5 0 0 ( # / m m ) « _b (£92? 
£L<te 20000 (*/ m m ) J^± 0 ) (O r ^ ^ ^ t - * t 5 i 5 I- , r *L «b 

[ 0 0 7 5 ] 

x^^^^— *«*S«StCJB^*nfc^7^a«l<O*ffi^iSftSRatt0. lnm-1 
nm (l*y^^hP-A^10ty^^ha-A) , ffiKllO. 2 n m — O . 8n 
m (2^^^^ ty^^ fo-A) (Dmmfo t ~t Z> <D &m~£ L^^o 

[ 0 0 7 6 ] 

* y is \s — > a VSriPx.fc7 L ^^^-y—*PXSrjSfi-rri^T?#5e * y V u — V a v <>: 
ftjfo: if J)5c * y i/ \s — 1/ s 1/ <K \% % 0 m / 9t \ 2 0 O0/^tt5^d^ 

[ 0 0 7 7 ] 

7^ t-*ni^*£i LTIi, ^^^^5 7 5 0 0 ( # / m m ) ^±<Z)7^^f -V - ^ 

[ 0 0 7 8 ] 
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mZMffc-t 5 fc«> <o x '< y * D > if <D$kW\*m ?Lt£9:<D X o Kir 5 0 M figic m ^ £ 7* ^ > 
^l^lilSS^ i o " 4 P a - 1 0 ~ 7 P a ©filrtiftSJ "CftfttS. * 1*3 K 

? — &&&m:m\cmrfL£titzif ; 7*m&$:&&Lx, *'<y?-mx*tv,xA 
m ma mm z> n t #-c# s 0 

[ 0 0 7 9 ] 

# # £ L 1^ 0 ffij ;i fi 5 x 1 0 ~ 4 P aHJ:(Di|#7^^Jf#l 

#5 0 * « 8 HQ ft , 0. 5^-1 S&Offiirt 09 * fi * SB ft K 

it LTftlttfeltS^H^f 5WCff*Ll\ <£> # 12 ffij x fi , §!l S JE £ * # 1 
0 ~ 6 PaHTl:fc^T5x i o" 4 PaK±o»*^^SrfrtflStH«i"rs^^#*L 

*S , » 4 L < tt , 5X10~ 2 Pa^T<t-r5<E>^&^ o 
[ 0 0 8 0 ] 20 

5 r <*: tH 5fe S 0 ^^^SlEOjPjKUaSttl 0 0*0-4 0 0 < Ctf>®SB-efc5r£as*?£L 
[ 0 0 8 1 ] 

^i&ttT«JJf£^/*Lfc^. 1 5 nm-4 0 n m (ORV» t t fclttl trttttl Oltft 

UlCo-Cr-TaSK, Co-Cr-Pt^, Co-Cr-P 
t-Ta^, Co-Cr-Pt-B-Ta^, Co-Cr-P t - B - C u * A» f> 1 tfil 
fcW*t*»ia*^tftO*JDS»i:Lftifc<OS:fflV^5r.t^-et5o ffiJ £ ti , Co-Cr- 
P t ^ ^ ^ CO # ^ N C r (D^m S 1 0 a t % — 2 5 a t % <D ffi B F*3 , P t 0§Wili8 30 
at%^16at%0ttBrt£-*-&w£*S-C$« e ffilx.fi, Co-Cr-Pt-B-Ta 
^ l§ , CrO^^T*ttl6at%—24at%^jfiHrt, P t©itilt8 a t 

% - 1 6 a t % <D gl B f*9 . B£>^Wftte2a t % — 8 a t % <D «S B J*9 , TaO^filll 
a t % - 4 a t % O © B 1*9 t £ CI <t ^ £ 5 0 ffijxfi, Co-Cr-Pt-B-Cu^ 
^ & CD |§ -g^ C r ^ ^ ^ 1 11 1 6 a t % ~ 2 4 a t % (£> jfi B ft , P t GO ^ ft J2 8 a t% 
-1 6 a t B <D ^ m fi 2 a t % — 8 a t % O ^ B ft , Cu^^*S(il a 

t % - 4 a t%(D«iIrti:t5:H^t5 0 
[ 0 0 8 2 ] 

— , #IttT*lOC r SfcttC r^AO»*ElRlttiftElRiai» (10 0) £ ^ L 
t^5i5l:ffiit5(0 3iSjf4LV\ 40 
[ 0 0 8 3 ] 

#8*&Tiffi» £ SSttJi t <om \c#m& * SrKtt 5 ©^li, Co-Cr^^^ (Cro 
§*ili25a t%-45a t%o81ft B ) & ® t L * *< y * V > if m * - if y b 

<0£E#ttifiK::fcV>T, B 8 S ^ 1 a t %Hl©i«i: jolt 5 C r BSiS 4 0 a t%J^T^ 
[ 0 0 8 4 ] 

Btti^rlgfilcl^^, '&%\<Djife^ &1 * '< y ? V is ^7 X-r C V D tt^ ^clj:^ 

[ 0 0 8 5 ] 50 
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[ 0 0 8 6 1 

immm] 

imm mi) 

#7^S«l:ii0*«« : f»7 j e^77^#7^GD - 7 Srftffl tfc„ 
X^^geSmm, ft S 2 0 m m , « J? 0 . 6 3 5mmT**>5 0 
[ 0 0 8 7 ] 

*f*tt£AT<Offl?>-C&5o ^7!)-l:^Jft5©8llD90^0. 1 5 M m(^)^^7^y 10 
KBttSrttfli Lfc. ^7 y-t4 5 Om 1 / »t*lPI* Blltt S ix 5 Wlc 2 »IB * T L fc. ffl 

• ^- ^^Wt^y^^^/^K^IKtt^SrttfflLfc. ilf-/(OS0IJ:7 5mm/»i: L 
it o ^^^^(DlHlte^fie 0 0 r p m L /c 0 f 4 * ? <K WiWs \$ \ 2 0 \b\ / ft k L tc 0 t 
-7^^}f L#(t^|j: 2 . Okg f (19. 6N) fcbfc. JDII*|inM:lO|»iLfcoS« 
:g ffi £ , Deg i ta 1 I n s t rumen t ttfiA FMT»£Lfci r 5, *F i*J S £ R 
aAU*y^^ h a - A , j» « ff # 2 5 0 0 0 */mm^)7^ ^ft-*fi«rtt5if7 

* X « ^ # e, ft fc 0 
[ 0 0 8 8 J 

:^SS«r + »l:ftj*lftiLfci, DCv^^ Fpy^/N'^g| < T * yw* tt (0 
* ) KC3010) ftKty Hfc, X^P]IS=5:2 X 1 0* 7 Tor r (2. 7X10 20 
~ 5 Pa) £-C#* Lfc«, EfilliHt, Co— W^^ (Co : 45a t %. W: 
5 5 a t % ) htffl^tftaiCTl n m ffl Jf L . 

[ 0 0 8 9 ] 

*(d'&^ 2 5 otcioa tto &mmm& o . ospats^H^itfc 

0 ^KttTi&Jt^LT, Cr-Ti— B^& (Cr : 8 3a t % , Ti : 15a t % . B 
: 2 a t % ) ^645^-^^ h Sri^ t 8 n m«l lfc„ #8tt t Bi i: L r fi C o - 
C r & (Co : 65a t % , Cr : 35a t % ) j^&fcS^-y^hSrJfl^Tanma 
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